RJ. Effect of periodontal disease on diabetes: systematic review of epidemiologic observational evidence.
Periodontal diseases, including the reversible form gingivitis, affect up to 90% of the world's population (Pihlstrom et al. 2005) . While "dental car-ies of permanent teeth" tops the Global Burden of Disease (GBD) list with an estimated prevalence of 35.3%, chronic periodontitis (10.8%) follows with only headache/migraine and skin diseases between (Vos et al. 2013) . Periodontitis is reported to affect half of adults (Hu et al. 2011 , Eke et al. 2012a , Patel & Platform for Better Oral Health in Europe, 2012 or more , with the severe form periodontitis affecting around 10% (range: 5-20%) of adults (Petersen et al. 2005 , Dye et al. 2007 , Holtfreter et al. 2009 , Mattila et al. 2010 , Eke et al. 2012a , Patel 2012 , White et al. 2012 ) and moderate periodontitis around one-third (Holtfreter et al. 2009 , Eke et al. 2012a , White et al. 2012 . In aged populations and in indigenous people, the prevalence of periodontitis is even higher: It is reported that 70-90% of individuals aged 60-74 years , Mattila et al. 2010 , Patel 2012 ) and indigenous people (Brothwell & Ghiabi 2009 ) suffer from periodontitis. It is noteworthy the actual prevalence of periodontitis may be substantially higher than hitherto reported. This is due to underestimation by prior population surveys due to their use of partial mouth recordings and reliance on only periodontal probing depth instead of clinical attachment level (Albandar & Rams 2002 , 2012b , Beltran-Aguilar et al. 2012 , White et al. 2012 .
It is estimated that 346 million people have diabetes worldwide (World Health Organization 2011) with the prediction of 439 million by the year 2030, representing an increase of 54% in 20 years to encompass almost one tenth of adults 20 years and older (Chen et al. 2012 ). In addition, according to the Global Burden of Disease study, diabetes is a major cause of years lived with disability (YLD), estimated at 20.8 million YLDs. Diabetes is ranked as the ninth most common disorder in the world, amassing a 67.2% increase over the 20 years from 1990 to 2010 (Vos et al. 2013) .
From a global perspective, although the prevalence of diabetes is high in the industrialized countrieswith for example 11.3% (25.8 million) of the US population already having diabetes (Centers for Disease Control & Prevention 2011)it is worth emphasizing that over 80% of diabetes patients live in low-and middle-income countries (World Health Organization 2011), with the Middle East encompassing six of the ten countries with the highest prevalence (International Diabetes Federation 2011) .
Currently, there is increasing interest in links between periodontal disease and non-oral, systemic, inflammatory-related diseases and conditions, such as atherosclerotic cerebro-cardiovascular conditions and events (Kebschull et al. 2010 , Ylöstalo et al. 2010 , Borgnakke 2012 , Lockhart et al. 2012 . The biologic plausibility supporting such connection is based on the fact that inflammatory periodontal disease due to reaction to pathogenic biofilm stimulates a chronic systemic inflammation and thus contributes to the cumulative inflammatory burden in the host (Loos 2005 , Renvert et al. 2006 . Inflammation precedes diabetes onset , Duncan & Schmidt 2006 and is linked to insulin resistance and development of diabetes as well as its complications (King 2008) . Since effective therapy and management of periodontal disease are well established, it is important to know for future prevention and control of diabetes whether periodontitis indeed plays a role in the development and control of diabetes and its potentially fatal complications (Lalla & Papapanou 2011) .
If such a causal relation indeed exists, a new paradigm in dental and medical standard of care for screening, prevention and management of diabetes could be developed in the future. Close collaboration among each patient's health care professionals would be warranted, especially among medical and dental care providers (Glurich et al. 2013) .
Review of Current Literature Objective
Our aim was to conduct a systematic review to identify and evaluate the scientific evidence from epidemiologic, non-experimental, observational studies of effects of periodontal disease on diabetes mellitus. Specifically, we explored effects on glycaemic control, the development of complications and the onset of diabetes. Study populations should consist of individuals without diabetes and with known types 1 and 2 diabetes, in addition to pregnant women with and without gestational diabetes. The specific questions addressed in this systematic review were: Only reported findings from original, epidemiologic, non-intervention, observational studies of longitudinal, case-control or cross-sectional designs were eligible for inclusion in this review. They needed to include different categories of periodontal disease (exposure) and at least one parameter related to diabetes (outcome).
Methods

Protocols
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
For describing and summarizing the results of our review, we used the 27 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA Statement; www.prisma statement.org) (Moher et al. 2009a,b) .
The Newcastle-Ottawa Scale for assessing the quality of non-randomized studies (NOS)
Assessment of the quality of nonrandomized, non-interventional studies is essential for proper evaluation of the evidence provided by each study. We followed the Newcastle-Ottawa System (NOS) protocol (Wells et al. 2011 ). The scale is described and the forms used displayed in the online appendix, Exhibits Appendix S6 and Appendix S7-S9 respectively.
Eligibility criteria
We limited our search to original research reports on periodontal disease and diabetes that were conducted in humans and reported in English in any year.
Information sources
We searched electronic databases and hand searched bibliographies of already identified reports, as well as online sites with reports accepted for publication ahead of print for the most relevant scientific journals. We also created automated electronic alerts for identification of additional reports. In addition, we contacted authors for clarification and additional information regarding three papers. We conducted the last comprehensive search on July 26, 2012, but ensured by the last search on January 6, 2013, that no additional eligible reports were catalogued in PubMed. While imposing the limits Humans and English language, we searched the following bibliographic databases: Further details regarding these databases searched are provided in Appendix S1.
Literature search
We searched the different databases using as identical search strategies as possible within the rules of each database. As an example, the main PubMed search query follows, in which "tiab" means the terms may be found in the title, the abstract or both: ("periodontal It was confirmed that addition of the UK spelling of the key search terms provided results identical to the search using US spelling alone. In addition to the example shown, this was ensured by extra searches using the term "haemoglobin."
The electronic bibliographic reference manager program EndNote, version X6, by Thomson Reuters (http://endnote.com/) was used to identify duplicates; screen citations and abstracts; categorize citations in ineligible and eligible groups; create lists of citations for tables; and create the in-text citations and the bibliography.
Study selection
We identified 4990 citations that included the search terms, amounting to 2246 unique citations after identifying and removing duplicate records. Two of the authors reviewed the 2246 citations and their abstracts and selected 114 reports for reading of the full text. The four reviewers read the papers in alternating pairs, so that each reviewer read half (57) papers each, but with different partners. Hence, each report was scored independently by two reviewers. In case of discrepancies, all four reviewers were asked to review the papers, without knowledge of the other reviewers' decisions. All four reviewers arrived at a final, mutual agreement of scoring each paper based on discussions during frequent telephone conference calls. This procedure was followed for both classification of eligibility and quality of reports deemed eligible for inclusion.
We selected reports on original epidemiologic, non-interventional, observational (descriptive and analytical) studies that concerned parameters on periodontal disease and glycaemic control or blood concentrations of glucose among people without diabetes or with any kind of diabetes (no pathological elevation in blood glucose concentration, prediabetes (impaired fasting glucose), types 1 or 2 diabetes and gestational diabetes). For cohort and casecontrol studies, it must be evident that the topic studied was the effect of periodontal disease on diabetes, that is, the report results must permit determination of directionality. In addition, cross-sectional studies were eligible for inclusion, but only if they reported on associations between periodontal disease (exposure) and diabetes parameters (outcomes) that were unlikely to cause periodontitis, such as the diabetes complications retinopathy and neuropathy, to ensure determination of directionality.
Data collection process
We developed forms for scoring each report as well as for the logistic administration, logging and track keeping of papers to retrieve and to review. One reviewer (WSB) assumed the administrative tasks in addition to the full reviewer tasks and created a Master file with the 114 citations that were numbered for unambiguous identification. This Master file was used to identify the assignments of reports among the four reviewers, to enter the scores from each reviewer as they became available, and to identify discrepancies between the duplicate reviewers' categorization. Subsequently, the Master file would be used for tallying the number of reports in the different categories of eligibility and ineligibility.
Prior to actual scoring, the rating forms were tested by all reviewers by trial scoring 21 relevant papers that the administrative reviewer already had available before the actual systematic search. The scoring forms were discussed and revised in an iterative process until all four reviewers agreed on the final format.
The data extraction was performed in duplicate with two reviewers independently assessing each report, determining eligibility and indicating reasons for ineligibility.
First, each reviewer decided on a study's eligibility for inclusion in the systematic review, based on the reported parameters. At this point, the reviewer made no quality assessment of the study. Each report deemed ineligible for inclusion was categorized in a hierarchical manner according to one of the following main reasons for its exclusion:
Main 
Risk of bias in individual studies
As mentioned, we assessed the quality of each cohort and case-control study according to NOS for Assessing the Quality of Non-randomized Studies (Wells et al. 2011) , described in Exhibit Appendix S6, but devised an additional scale for rating cross-sectional studies. The NOS evaluates three dimensions of a study, namely A) selection of the study groups; B) comparability of the study groups; and C) ascertainment of either the exposure or outcome of interest. We developed one form for each of the three study designs: cohort, case-control and cross-sectional. The three forms are displayed as Exhibits Appendix S7-S9.
Using these forms, we rated each report at both the study and outcome levels.
Summary measures
The majority of studies reported results using odds ratios (OR), hazard ratios (HR) and hazard rate ratios (HRR), but also other relative risks measures, such as risk ratios, rate ratios or relative risks. Original, but not epidemiologic study (n = 10) Original, but interven onal study (n = 5) Original study, but not on perio=>DM (n = 75) · · · · Fig. 1 . Selection of studies for systematic review of epidemiologic observational evidence for the effect of periodontal disease on diabetes control, complications and incidence.
Synthesis of results
Due to the small number of studies for each topic and their pronounced heterogeneity with regard to their design and outcome measures, their data could not be pooled and metaanalyses conducted. Instead, findings from each study were described together with the remaining studies on the same topic, with one Table for each original question posed.
Risk of bias across studies
As with other bodies of scientific evidence, the potential effect of publication bias, favouring reporting of positive outcomes, cannot be excluded. Likewise, it is not known whether the authors reported only their most favourable results.
Additional analyses
Pre-review knowledge of the limited scope of the existing evidence pre-vented pre-specification of any additional analyses to conduct, based on the reported results.
Results
Study selection
A total of 2246 unique citations were identified. The numbers of studies screened, assessed for eligibility, undergoing reading of full text, and included in the final review are shown in Fig. 1 . Table 1 displays the final 16 papers selected for the review that yielded results from 17 studies, as one report included findings for two different outcomes ). The citations for the 97 reports excluded upon full text perusing are displayed in Exhibit Appendix S3, along with the main reason for exclusion of each paper. Exhibit Appendix S5 lists the 17 reports included in the final review.
Description of characteristics, results and quality of each study
The findings from this review are described in the following for each of the originally posed questions. For each topic, a table displays the characteristics and findings from each study, and a brief summary is provided of only the longitudinal results, that is, any cross-sectional findings at baseline are not shown. Importantly, all confounders for which the analyses are controlled are displayed for each outcome or model, respectively, in Tables 2-5 under the heading "Confounders Controlled." In consideration of space and readability, these confounders will not be re-cited in the text. Risk of bias within and across studies is addressed briefly and the consensus NOS quality scores for each study are displayed in the online Appendix, with such tables Table 1 . The 16 reports (on 17 studies) included in the final review: citations corresponding by topic to the results tables included in this main report. All studies were conducted among adults.
1. Do people with manifest type 2 diabetes; pre-diabetes; or no known diabetes, who have poorer periodontal health, have poorer glycaemic control than those with better periodontal health? (E1) Brief summary of characteristics and results Table 2 displays a summary of the four studies identified. No eligible study was conducted among subjects with baseline pre-diabetes (Eligibility Category E1b), so only reports on studies among participants with either manifest type 2 diabetes (E1a) or no known diabetes (E1c) at baseline were included.
Of the four studies, three were of prospective and one retrospective cohort design. They included 4512 participants ages 18-81 years in three countries (Germany, Japan and USA). Clinical periodontal examination results were reported based on periodontal probing depth (PPD), clinical attachment loss (CAL), gingival bleeding and number of teeth present. Radiographic examination in one study assessed per cent bone loss. Glucose measures included glycosylated haemoglobin (HbA1c) as well as fasting and 2-h 75 g plasma glucose level, and oral glucose tolerance test (OGTT).
One study was conducted among individuals with type 2 diabetes and three in people without diabetes at baseline ). The former included American Indians of the Gila River Indian Community (Pima Indians) and demonstrated that severe periodontitis was associated with poor glycaemic control after a 5-year period. Those with CAL of at least 6 mm had over six times the risk of poor glycaemic control compared to those without; and individuals 35 years and younger at baseline with radiographic bone loss of at least 50% of the root length had 4.2-13.6 times the risk of poor control .
Over a 4-year period, initially systemically healthy Japanese employees with periodontal disease were in a dose-response manner more likely to develop metabolic syndrome (that includes hyperglycaemia) than those periodontally healthy .
In large population studies in Germany and Japan, the former found that after five years, an increase in mean CAL, but not in PPD, was associated with an increase in HbA1c ). In addition, individuals with a healthy periodontium at both baseline and follow-up had less HbA1c increase than those with poor baseline and 5-year deterioration in periodontal health (0.005 versus 0.143%; p = 0.003).
However, the latter demonstrated after 10 years a significant increase in impaired glucose tolerance (IGT) with mean PPD, but not CAL, with each additional millimetre mean PPD corresponding to 0.13% increase in HbA1c .
Quality assessment
All studies used multivariate analyses, and all controlled for age and smoking, except for one study . All four studies earned eight or nine of the nine possible stars in the NOS quality rating as shown in Appendix S10.
Major weaknesses
There were very few studies. They were conducted only in Germany, Japan and USA and were not generalizable. All clinical studies used partial mouth periodontal examinations. Periodontal and metabolic outcome parameters varied.
2. Do people with type 1 diabetes, who have poorer periodontal health, have poorer glycaemic control than those with better periodontal health?
No studies were found eligible (E2).
3. Do people with diabetes, who have poorer periodontal health, have more diabetes-related complications than those with better periodontal health?
Brief summary of characteristics and results
The seven studies are summarized in Table 3 (E3). They were conducted in Brazil, Japan, Sweden, USA (3) and in 20 different countries respectively. Four were of cohort and three of cross-sectional design. Only one study focused on type 1 diabetes, five studied type 2 diabetes, and one did not specify diabetes type. A total of 18,397 subjects participated, ranging from 39 to 10,958, with five of the studies combined including 1391 persons. Participants were at least 25 years old.
Clinical periodontal examination results were reported based on PPD and CAL, bleeding on probing; and number of teeth present. Radiographic examinations assessed per cent bone loss. In the multi-country study, self-reported number of teeth present and number of days with gingival bleeding the past year were described. Diabetes-related complications encompassed retinopathy; nephropathy (macroalbuminuria, proteinuria and end-stage renal disease); neuropathic foot ulceration; cardiovascular disease (coronary heart disease, ischaemic heart disease, carotid intima media thickening and calcification of atherosclerotic plaque); cerebrovascular events (stroke); and death due to cardiorenal disease.
In the study among people with type 1 diabetes, all cardiorenal complications, but not retinopathy, were significantly associated with periodontal disease (PD). All studies in subjects with types 1 and 2 diabetes found that those with periodontal disease, especially severe disease, and edentulism, had higher risk for diabetes-related complications than participants without or with mild periodontal disease. A dose-response effect was seen between severity of periodontal disease and complications. For instance, moderate and severe PD, as well as edentulousness significantly predicted both macroalbuminuria and end-stage renal disease in a dose-dependent manner among Pima Indians . In this population, those with severe PD had 3.5 times higher risk for cardiorenal death; moreover, nephropathy and death from ischaemic heart disease were significantly predicted by PD .
Quality assessment
Two studies used full-mouth and four partial mouth clinical periodontal examinations, and radiographic bone loss assessment was performed in four studies, of which three used all teeth. The seventh "number of days their teeth had bled in the preceding year" . Using the number of teeth as an expression of past periodontal disease may not be appropriate in all these 20 countries, without information on the reason for tooth loss. All studies regarding type 2 diabetes used multivariate analyses to control for the important confounders displayed in Table 3 . Results were statistically significant after adjustment.
As seen in Exhibit Appendix S11, only one study earned the maximum of nine stars for cohort studies . The four longitudinal studies earned between seven and nine stars, averaging eight. None of the three cross-sectional studies were awarded the maximum six stars for studies with such design, but two attained five, and the mean was four stars. The study of the lowest quality was included in this review only for completeness .
Major weaknesses
Only one, small study was conducted in type 1 diabetes . No high quality cohort studies were conducted in samples representative of individuals with type 2 diabetes. Two of the three cohort studies on type 2 diabetes were conducted in a special population of Pima Indians, and the international study did not use any commonly accepted assessment of periodontal disease. Due to their design, cross-sectional studies can provide information regarding only associations, not causation, and are thus not able to provide strong evidence. have greater risk for developing (incident) type 2 diabetes than those with better periodontal health? (E6)
Do people without known diabetes, who have poorer periodontal health,
Brief summary of characteristics and results
Three of the four eligible studies displayed in Table 4 were conducted in Japan and one in the USA. Numbers of participants at the end of the studies were 12,934 in the former three and 9296 in the latter, totalling 22,230 individuals. The two largest Japanese studies included employed adults aged 30-59 and 30-69, respectively, and the third was community based among 40-79 year olds. Demmer et al. analysed data representative of the US population between 25 and 74 years of age .
During study periods of 1-22 years, three of the four studies demonstrated a statistically signifi- NHANES 1 [1971 -1976 Effect of periodontal disease on diabetes: review S147 cant increase in development of manifest diabetes in people with severe periodontal disease, determined by periodontal probing depth, after adjustment for potential confounders ). In the fourth, the tendency for increased risk was not significant upon adjustment, except in Japanese employed females with moderate periodontal disease . For instance, those with PPD of 6 mm or greater at baseline had 3.45 times higher risk of developing diabetes than those without periodontal disease ). In the US population, people with gingivitis had 40% increased odds of developing diabetes and those with periodontitis had 50% elevated risk. In edentulous individuals, the risk was increased by 30 per cent and those with advanced, but not complete, tooth loss had a 70 per cent increased risk of incident type 2 diabetes. Measured by two different indices, the association of periodontal disease with incident diabetes was found also in individuals who were of normal weight as well as among people who had never smoked cigarettes ).
In addition, severity of periodontal disease expressed by clinical attachment loss at follow-up was significantly associated with development of diabetes over ten years in the smallest study , in which each additional millimetre mean PPD corresponded to 0.13% HbA1c increase (p = 0.007).
Quality assessment
The generally high quality of this group of large, longitudinal studies is reflected in the high NOS star ratings as displayed in Exhibit Appendix S12, with two earning the maximum of nine stars, one-eight and one-seven, averaging 8.3.
Major weaknesses
Eligible studies were performed exclusively in Japan and the United States with only one smaller Japanese ) and the large US ) studies being representative of the general population. Two were conducted in Japan among employees . Major concerns regarding the Japanese work place studies were, firstly: The oral health examinations were not conducted for research and used the Community Periodontal index (CPI) (Ainamo et al. 1982 ), a quick periodontal assessment of ten index teeth that does not adequately represent the periodontal health status. Secondly, employees who left the company during the study period were not reexamined at the end. In one study, it remains unknown how many were lost to follow-up ; and in the other, a total of 2904 or one-third (33.2%) of the employees who received oral exams at baseline were not re-examined at the end of the study . Such unknown and large attrition, respectively, does not lead to confidence that those remaining in the study were representative of those originally examined. Thirdly, the employees included two to three times more males than females, and the analyses were not adjusted for education level that could be different in the two sexes. The Japanese community-based study included an oral examination only at follow-up and therefore did not provide any knowledge of the periodontal status at baseline ). This study could be regarded as a crosssectional examination, supplemented with additional oral glucose tolerance test (OGTT) data from ten years earlier. Even though the results from the three Japanese studies were significant, this evidence may not be transferable to other race/ethnic groups since differences in fat storage and other factors may be operative. The national US study used periodontal inflammation, PPD and number of teeth present to evaluate the periodontal health status, whereas CAL was not assessed. Table 5 are the only two eligible small American case-control studies that examined the effect of periodontal disease on prevalence of gestational diabetes (GDM). One demonstrated that GDM in a doseresponse manner consistently was associated with clinical PD using three different PD definitions ). The other concluded that having sites with periodontal probing depths of 3 mm or greater was not associated with GDM, although high vaginal levels of the periodontal pathogen, Tannerella forsythia, was associated with gestational diabetes ).
Do
Shown in
Quality assessment
One study used full-mouth periodontal probing, applied three PD definitions, and controlled for several potential confounders ), whereas the other defined PD as having at least one site with PPD of 3 mm or greater and controlled for only history of GDM. In pregnant women, PPD of 3 mm could represent non-pathological conditions, namely increased probing depths due to hormonal changes and oedema. Exhibit Appendix S13 displays the consensus ratings regarding the quality of these two studies.
Major weaknesses
There were only two studies, and they were small, of case-control design, and conducted among nonrepresentative samples, making their findings non-generalizable. Effect of periodontal disease on diabetes: review S149
Limitations
Study and outcome level
Only 17 reports were eligible for inclusion in the final review and included only one study on type 1 and two on gestational diabetes. Most studies were small, except those exploring diabetes incidence. The studies were conducted in a limited number of countries. A major limitation in all studies regarding periodontal disease is the lack of generally accepted case definitions for periodontal disease, which severely impedes or prevents comparison of studies (Tonetti & Claffey 2005 , Page & Eke 2007 , Manau et al. 2008 , Costa et al. 2009 , Leroy et al. 2010 . Because both diabetes and periodontal disease are multifactorial, chronic diseases, most studies were not sufficiently extensive in size, duration and number or kinds of parameters to control for all potentially important confounders.
Review level
To maximize comprehension and interpretation of the findings, only reports published in the English language were included, which may have excluded potentially valuable evidence. Moreover, we may have overlooked evidence in English that we failed to identify, but we succeeded in retrieving all but one full text article that, based on the abstract, probably was a cross-sectional study, and thus ineligible for inclusion. As with any scientific evidence, publication bias resulting from a tendency to preferentially publish positive study findings may have played a role in creating the pool of published reports.
Conclusion
Scant current evidence suggests that periodontal disease adversely affects glycaemic control and diabetes complications or promotes development of type 2 diabetes. Consequently, large-scale, definitive studies of long duration and in multiple different population groups in many different countries are needed in all the areas this review explored.
Consequences
Should it be possible to demonstrate an adverse effect of periodontal dis-ease on glycaemic control, with periodontal disease being a risk factor for diabetes complications and incident diabetes, such evidence could have far-reaching consequences. Impacted would be patients and families, health care providers, insurance companies, policy-makers and societies in general, due to the high prevalence of both periodontal disease and diabetes that incurs immense societal, economic consequences and human suffering. Controlling and managing periodontal disease may be a new alternative to eventually include in standards for diabetes care. Such shift in paradigm for management and prevention of diabetes and its complications may occur in the future. While waiting for definitive evidence, it may be wise to make efforts to preventand treat to resolution any existingperiodontal disease, in order to ensure good health.
